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Abstract: Annual Vernal-grass {Anthoxanthum aristatum, syn. A. 
puelii L E C O Q & L A M O T T E ) belongs to newer elements in the vascular 
plant flora of Poland, described in geographical-historical 
classification a s kenophytes. Extraordinary abilities to colonize new 
areas gave it epithet of a ' invasive species". In this work the results 
of the studies on the distribution and different factors which promote 
the occurrence of that interesting species in great quantities have 
been summarized. 
The results obtained by the author allow to ascertain that the 
present increase of its range is connected with the simultaneous 
influence of two main reasons. Apart from natural, ecological 
preferences and developmental strategies these are circumstances 
of anthropogenic origin "the overtap" of which made such a 
spectacular success of Annual Vernal-grass.. 

Keywords: Anthoxanthum aristatum, Poaceae, geographical origin, 
distribution, invasive species, natural and athropogenic causal 
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Introduction 
Anthropogenic changes occurring in the species ranges belong to the 

important problems of the present phytogeography (KORNAS, MEDWECKA-
KORNAS 1986, FALINSKI 2000). They were observed in different systematic 
groups, but the most spectacular cases of increased primary acreage were 

143 



noted among Magnoliophyta syn. Angiospermae (FALIKISKI 1968, KORNAS 1990, 
SOLARZ W. , K R 6 L W . 2004). Among numerous species supplied witti good 
documentary evidence for ttiem consciously or unconsciously introduced, of 
special interest are those which create various dangers. In the flora of Central 
Europe these are, first of all plants brought relatively not long ago - kenophytes 
(ZAJAcetal. 1998). 

One of such species which colonized new areas and increased its range was 
Annual Vernal-grass {Anthoxanthum aristatum). An extraordinary ability of 
Aaristatum to occurrence in enormous numbers and its stated geographic 
expansion caused that researches gave it epithet of a "invasive species" 
(WARCHOLIKISKA & SICIKISKI 1976, 1996; W 6 J C I K & DOMAKISKA 1976, W C J C I K 
1978). 

The range of A.aristatum belongs to the Atlantic-Mediterranean type (Fig. 3). 
That dense range includes Sardinia, Corsica, Portugal and N Spain, Central and 
N France, Holland, Denmark, Central and S Great Britain, N Germany ( H E G I 
1957, M E U S E L et ail. 1965, G A R C K E 1972). Moreover according to M E U S E L et al. 
(1965) from Germany and Poland are known in small numbers synanthropic 
localities clearly compact near eastern border of its range. Only some of them 
cross the Odra River (Fig. 3). At the end of the 1960s numerous new localities of 
Annual Vernal-grass, also the phenomenon of its occurrence in masses, in 
different regions of Poland was observed (among others MISIEWICZ 1970, 
SzMEJA 1970, ROLA 1975, W 6 J C I K , DOMAKISKA 1976, ROLA & KU^NIEWSKI 1979, 
K u ^ N i E W S K i 1995, WARCHOLIKISKA, SICIKISKI 1996). 

Confirmation and summary of this information we can find in TOKARSKA-
G u z i K ' s (2001) chorological study printed in the distribution atlas of vascular 
plants in Poland. This cartogram (Fig. 4) in comparison with the state of the 
range of A.aristatum from the mid-20th century explicitly indicates considerable 
increase of the range eastward. 

The spectacular changes of the Anthoxanthum aristatum range are the base 
for further studies, which aim is to find reasons and sources of its occurrence in 
great number and of its extraordinary effective geographical expansion. 

The work is a result of the desaiption of biological and ecological aspects and 
mechanisms of that process. 

Material and methods 
The main sources of information on the distribution of A. aristatum are the 

historical and present literature data. Whereas in the remaining analyses, not 
published materials either own or rendered by sdentists from different research 
centres in Poland, were used. 

The features connected with biology and morphological variability of 
vegetative and generative organs were defined on the material specially 
collected for this purpose and coming from the cereal fields of W Poland (Fig. 1). 

Variability gradation was evaluated according to the quotient of the extreme 
values (minimum and maximum) of the particular features. The following 
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degrees of the variability were accepted: I (low): < 1.4; II (medium): 1.5 - 2 .4 ; III 
(increased): 2 . 5 - 3 .4 ; IV (high): >3.5 (ZUKOWSKI et al. 1982 ) . 

Phytogeographical and ecological analyses were based on the 4 7 1 
phytosociological releves made in agrocenoses with the share of Annual 
Vernal-grass in different points of its "new" range (Fig. 2 ) . 

Results 
The occurrence of Annual Vernal-grass in masses in the cereal fields of 

Poland, determined the author to carry out the research in many aspects. First 
of all the variability of some morphological features within the 1 8 population from 
Wielkopolska Region (W Poland) was described. The results based on the 
examination of 5 0 individuals from every population shows Table 1 . Analized 
features (the height of shoot, the length of highest leaf, the length of 
inflorescence, the number of spikelets in inflorescence) indicate quite 
differentiated variablity within respective populations. Whereas variability within 
all the populations of every analized feature assumes stage IV. Worth attention 
is the fact that coming up to the highest stage (IV) in the used variability index 
corresponds with different real values. Relatively low values achieve the height 
of shoots ( 4 . 3 ) and the length of inflorescence ( 3 . 6 ) , whereas much more 
variability shows flag leaf ( 1 1 . 2 ) and number of spikelets in inflorescence ( 12 .1 ) . 

The next stage of the studies was to describe the influence of some features 
on the production of caryopses. Annual Vernal-grass is an annual grass and its 
respective individuals grow in loose tufts created by intravaginal branches. 
Because there were observed individuals with differentiated branches, a series 
of measurements was made in order to explain if and in what way the number of 
culms influences generative reproduction. The results are shown in Table 2 . The 
data from that experience indicate, that individuals of Annual Vernal-grass 
branch out on a large scale they can have 2 to 1 4 generative shoots. At the 
same time it should be emphasized that in all the populations studied more often 
individuals with 3 to 5 shoots ca be found. The mean number of spikelets for one 
shoot ranges from 16.5 (individuals with 1 1 shoots) to 26 .0 (individuals with 3 
shoots). 

Generally it can be stated, that the size of a branch has inconsiderable 
influence on the decreasing of a number of spikelets, and therefore on a 
potential production of caryopses. Because of the small amount of the 
individuals studied the achieved number indicators should be treated as 
approximate ones. 

Biologial features assisting invasive propensity of Annual Vernal-grass in 
Poland have been already shown experimentally some time before. 

The colonizational character of the occurrence in cereal fields is also 
connected with the significant vitality of caryopses and the ability to germinate 
even after 1 8 years (LATOWSKI 1 9 9 4 ) . The attachment of Annual Vernal-grass 
to rye crops has been explained in a simultaneous germination experiment. 
Annual Vernal-grass germinates very well in the company of rye, but less so 
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with oats and the poorest results are shown in association with barley. In the 
repeated many times germination experiment the special attention was paid to 
the following regularity. After a year of storage the caryopses germinated merely 
in 20% in the next few years that indicator was much bigger one was stabilized 
on the level of 60-70%. The experiment in which a sample of caryopses was 
divided into two parts explained the reasons of the lower ability to germinate at 
the very beginning. The one part consisted of the coryopses with closely 
adhering to the them natural cover (lemmas) the other had no lemmas at all. 
Caryopses with natural glumes germinated ineffectually in comparison to 
caryopses without glumes (Fig. 5). Thus inhibitive influence of natural lemmas 
was indicated. 

In the former experiments it was proved that Anthoxanthum aristatum 
germinates the best, concomitantly with caryopses of rye. The result indicated 
allelopathic, and at the some time positive influence of interdepedence. 

The occurrence of Annual Vernal-grass in cultivated plants of Poland is a 
confirmation of the experimental results. Among the 471 analyses with the share 
of Anthoxanthum aristatum almost 90% examples were found in rye cultivations 
(Fig. 6). 

Anthoxanthum aristatum indicates its great connection with soil conditions. 
Almost YA of all analyses with the share of the species discussed, refferred to 
poor soils, which belonged to the two agricultural complexes: 6 - weak rye 
complex and 7 - very weak rye complex (Fig. 7). 

Conclusions 
Many aspects analysis of the occurrence indicates, that Anthoxanthum 

aristatum be came invasive enlarging its range by 600 km eastward in the 
second half of the XXth century. 

The present increase of its range is connected with the simultaneous 
influence of two main reasons. Apart from natural, ecological preferences and 
developmental strategies these are circumstances of anthropogenic origin "the 
overlap" of which made such a spectacular success of Anthoxanthum aristatum. 
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Tab. 1. Analysis of selected morphological features of Anthoxanthum aristatum 
against the soil background 

No Crop / Height Length of Length of No of spikelets 
of Soil of shoot Highest (flag) inflorescence in inflorescence 

sam complex in cm leaf in cm in cm min-max (mean) 
pie min-max (mean) min-max (mean) min-max (mean) 
1. Rye/6M 36.0 - 52.0 (44.6) 1 .7 -5 .5 (3 .1 ) 2 . 7 - 4 . 3 ( 3 . 4 ) 16 - 44 (32 .5 ) 

2. Rye/6Dz 30.5 - 5 1 . 5 (41.1) 0 . 8 - 4 . 4 (2.5) 2 . 2 - 4 . 3 ( 3 . 2 ) 1 8 - 4 8 ( 3 2 . 0 ) 

3. Rye/7 Bw 30.0 - 52.0 (40,0) 1 .7 -5 .6 (3 .2 ) 2 , 8 - 5 . 1 (3.7) 1 6 - 7 3 (43.0) 

4. Rye/7 Bw 28,0 - 50,0 (38.0) 1 .0 -4 .5 (2 .1 ) 1 .8 -5 .1 (2.8) 1 3 - 7 4 ( 3 2 . 5 ) 

5. Rye/7Bw 16.0 - 34.0 (24.2) 0 . 6 - 2 . 3 ( 1 . 2 ) 1 .5 -3 .2 (2.4) 8 - 3 6 ( 1 9 . 7 ) 

6. Rye/7Bw 12.0 - 2 4 . 0 ( 1 7 . 9 ) 0 . 5 - 2 . 1 (1.3) 1 .4 -3 .2 (2.3) 9 - 5 2 (27.1) 

7. Rye/7Bw 22.0 - 34.0 (29.0) 1 .8 -5 .2 (2.8) 2 . 5 - 4 . 6 (3.1) 1 6 - 4 4 ( 3 1 . 2 ) 

8. Lupin/7Bw 18.0 - 33.0 (24.6) 0 . 6 - 3 . 2 ( 1 . 8 ) 1 .5 -3 .4 (2.7) 14 - 56 (30.5) 

9. Rye/7Bw 14.0 - 2 7 . 0 ( 1 9 . 9 ) 0 . 9 - 2 . 6 ( 1 . 5 ) 1 .8 -4 .0 (2.3) 11 - 3 4 ( 2 0 . 4 ) 

10, Rye/5F 22.5 -52 .0 (41.3) 1 ,4 -4 .7 (2 .8 ) 2 . 2 - 4 . 2 (3.3) 1 7 - 6 2 (41.3) 

11 . Rye/7M 24.0 - 36.0 (29.8) 1.1 - 3 . 0 ( 1 . 6 ) 2.0 - 3.6 (2.7) 12 - 54(24 .7) 

12. Rye/7Bw 22.0 - 3 7 . 5 ( 3 0 , 0 ) 1 ,4 -5 .6 (2 .8 ) 1 .9 -4 .0 (2.9) 1 8 - 5 8 ( 3 4 . 8 ) 

13. Rye/9M 28.0 - 4 3 , 0 ( 3 4 , 4 ) 1 .2 -3 .1 (1.9) 2.1 - 3 . 4 (2.7) 14 - 52 (27.7) 

14. Rye/6Bw 14,0 - 38.0 (24.7) 0 . 7 - 2 . 3 ( 1 , 3 ) 1 .6 -3 .2 (2.5) 1 5 - 4 4 ( 2 5 . 2 ) 

15. Rye/7Bw 13.0 - 37.0 (23.4) 1 .2 -4 .1 (2.4) 2 . 0 - 4 . 5 ( 3 . 0 ) 2 4 - 9 4 ( 4 6 . 1 ) 

16. Rye/7Bw 25.0 - 40.0 (30.7) 1.1 - 3 . 2 ( 1 . 7 ) 2.0 - 3.4 (2.6) 20 - 54 (33.4) 

17. Rye/7Bw 26.0 - 40.0 (32.6) 1 .2 -5 .0 (2 .9 ) 2.1 - 4 . 0 (2.9) 1 8 - 4 4 ( 2 8 . 7 ) 

18, Rye/7Bw 15.0 - 2 8 . 0 (21.3) 1 .3 -4 .0 (2 .4 ) 2.2 - 3.8 (2.8) 1 8 - 5 2 (28.7) 

Variability 

index IV (4.3) IV(11 .2) IV (3.6) IV (12.1) 

Localization of the samples: explanation see Figure 1. 
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Tab. 2. Effect of the branching out on the number of spiltelets of Anthoxanthum 
aristatum 

Number 
of 

culms 

Number 
of 

specimens 

Number of spikelets 

m i n - m a x mean/ lculm 
2 8 17 32 25.3 

3 15 15 50 26.0 

4 11 11 47 24.3 

5 19 9 41 20.8 

6 . 5 14 17 16.0 

7 3 15 24 17.9 

10 1 11 31 19.2 

11 3 12 27 16.5 

12 1 14 30 20.1 

14 1 11 31 19.6 

Fig. 1. Localization of investigated samples of Anthoxanthum aristatum in the cereal fields 
of W Poland. 1: Ostrowki (near Chodziez), 2-3: Boiechowo (Poznan), 4-5: Promnice 
(Poznan), 6: Poznan, 7-8: Jastiz§bowo, Lulkowo (Gniezno), 9: Krzykosy (Sroda Wlkp.), 10-
13: Zapowiednia, Boguszyn, Gr^dy Dolne (Srem-Pyzdiy near Warta River), 14-15: 
Bachorzew, Wola Ksiqz^ca (Jarocin), 16-18: Zaiesie, Swieca (Ostrow Wikp.). 

149 





I l l I I I ' t-^~v.^..t~*-H^^^^ • 
1 3 5 T a t l 13 IS 17 13 S I d a y s 

Fig. 5. Influence of natural cover (lemmas) on the germination of caryopses of 
Anthoxanthum aristatum. A • caryopses without lemmas, B - caryopses with 
natural cover (lemmas). 
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Fig. 6. Share of Antxoxanthum anstatum In the agrocenoses of Poland. 
Crops: 1- rye (87.9%), 2 - oat (6.6%), 3 - wheat (1.2%), 4 - spring cereals (0.6%), 5 • 
barley (0.6%), 6 - potato (2.5%), 7 - winter rape (0.2%), 8 - maize (0.4%). 

Influence of soil conditions on the occurence of 
Anthoxanthum aristatum 

Fig. 7. Influence of soil condition on the occurrence of Anthoxanthum aristatum in 
agrocenoses of Poland. Soil agricultural complexes - 4: very good rye complex, 5: 
good rye complex, 6: weak rye complex, 7: very weak rye complex, 8: cereal-fodder 
strong complex, 9: cereal-fodder weak complex. 
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